Aims To investigate whether the benefit of thrombolytic therapy was sustained beyond the first decade. We report the 10-14 year outcome of 533 patients who were randomized to treatment with intracoronary streptokinase or to conventional therapy during the years 1980-1985.
Introduction
The introduction of reperfusion therapy has improved the outcome of patients with evolving myocardial infarction [1] [2] [3] [4] [5] [6] [7] [8] [9] . Hospital survival is improved, and this survival benefit is maintained during follow-up, reported up to 5 years after admission [10] [11] [12] [13] [14] . However, final assessment of the value of such therapy requires understanding of the true long-term effects, at least through the first decade. Such data are also required to analyse the cost effectiveness of this therapy [15] . The study organized by the Interuniversity Cardiology Institute of The Netherlands consistently showed improved coronary patency, limitation of infarct size, preservation of myocardial function and improved 5-year survival after reperfusion therapy with intracoronary streptokinase and, in some patients, immediate percutaneous transluminal coronary angioplasty [10] . In this 10-14-year follow-up report the long-term effects of reperfusion therapy are described. Patient characteristics associated with survival and mortality are reported. The data confirm that the salutary effects of early reperfusion therapy are maintained for at least a decade, and that the assumptions in previous cost-effect analyses were indeed valid [15] .
Methods
From May 1981 to March 1985, 533 patients in five participating hospitals were randomized to treatment with intracoronary streptokinase (n=269) or to conventional therapy (n=264). The study design, patient characteristics and initial results have been reported previously [2, 16, 17] . Ninety-eight patients received intravenous streptokinase (250 000 U in 1 h) preceding angiography followed by treatment with intracoronary streptokinase. Forty-six patients underwent immediate coronary angioplasty after thrombolytic therapy. Data analysis was performed according to the 'intention to treat' principle.
Data collection and follow-up
Survival status was assessed from written replies to inquiries to the Municipal Civil Registration Service. Follow-up data concerning hospital admissions, recurrent myocardial infarctions and revascularization procedures were obtained by review of hospital records and from general practitioners. The definition of recurrent myocardial infarction was based upon the diagnosis of the treating physician. Some patients were contacted by telephone. Their information concerning hospital admissions was checked at the hospital involved.
Assessment of survival status was 99% complete. Median follow-up time from randomization was 12 years (range 3-14 years). In four patients who had moved abroad, survival status could not be retrieved and the last available follow-up data were used, obtained at 3-6 years (two patients allocated to reperfusion therapy and two to conventional therapy).
Survival analysis
Cumulative reinfarction and mortality rates for the two treatment groups were calculated according to the Kaplan-Meier method. The logrank test was used to compare survival and event-free survival among different patient groups. Using age-and gender-specific mortality data from The Netherlands in 1983, the expected survival in a reference population was calculated and compared with the survival in patients after myocardial infarction, with and without streptokinase therapy. Mortality risks were weighted according to the sex distribution of the trial population. The standardized mortality ratio, representing the observed mortality/ expected mortality, was calculated for the two treatment groups. The loss in life expectancy was computed from conventional therapy compared with the reference population and the gain in life expectancy of early thrombolytic therapy [18] .
Statistical analysis
Continuous variables were compared by Student's t-test and categorical variables by chi-squared tests. Patient characteristics were grouped into four categories. Clinical variables represented in the first category (I) were: age, sex, previous myocardial infarction, infarction site, Killip class at admission, time from symptom onset to treatment allocation, sum of ST elevation at admission, atrial fibrillation and ventricular fibrillation/flutter. In the second category (II) infarct size, as assessed from cardiac enzyme release, was added to the first category of clinical variables and in the third model (III) the (in)ability to exercise was added. The fourth category (IV) contained variables derived from coronary angiography and left ventriculography as well as variables from the previous categories: these additional variables were the extent and severity of coronary artery disease and left ventricular ejection fraction as measured by contrast angiography or by radionuclide angiography.
The Cox proportional hazards model was used to identify independent risk factors for mortality and their relative risk estimates.
Results
A total of 533 patients were enrolled in this study. Baseline characteristics have been described in detail elsewhere [9] . The mean age was 56 years (range 28-71 years), 18% were female, 22% had a previous infarction and 46% were admitted with an anterior infarction. At final follow-up, 158 (60%) of the 269 patients allocated to thrombolytic treatment were alive and only 129 (50%) of the 264 patients with conventional therapy. The cumulative 1-, 5-and 10-year survival rates were 91%, 81% and 69% in patients treated with streptokinase and 84%, 71% and 59% in the control group, respectively. The gain in survival by early reperfusion therapy was highly significant (P=0·02) by logrank analysis. The corresponding expected survival of the reference population was 99%, 95% and 86%, respectively (Fig. 1 ). The loss of life-years for myocardial infarction can be computed as the area between the survival curve of patients receiving conventional therapy and the reference population. The loss corresponded to 28 months at 12 years of follow-up. Extrapolating this would amount to a loss in life expectancy of 65 months. By using early reperfusion therapy 32% of the loss in average life expectancy was regained. In patients allocated to reperfusion therapy, the loss at 12 years follow-up was 17 months and the loss in life expectancy 44 months. The standardized mortality ratios up to 10 years of follow-up are shown in Fig. 2 . The mean standardized mortality in years 2-10 was 2·1% in Figure 2 Annual standardized mortality ratio: ratio of the observed mortality and expected mortality of age and gender matched subgroups of the reference Dutch population with 95% confidence intervals in patients treated with streptokinase ( ) and patients treated with conventional therapy ( ). Recurrent myocardial infarction rates and revascularization rates, corrected for the patients at risk during follow-up.
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patients allocated to streptokinase and 2·4% in patients receiving conventional therapy. This difference is not statistically significant.
Reinfarction
Recurrent infarction occurred more frequently in patients who received thrombolytic treatment than in conventionally treated patients (P=0·03). In particular, early reinfarction, within the first year, was more frequent after reperfusion therapy, while subsequent reinfarction rates, after the first year, were low in both groups, averaging 2% per year (Fig. 2) . Eighty-six (32%) patients treated with streptokinase had at least one recurrent myocardial infarction at a mean follow-up time of 3·5 years; 39 of these patients had a first reinfarction within 1 year after randomization. Fifteen patients had a second reinfarction, which was followed by a third reinfarction in three patients and a forth and fifth in one patient. Of the conventionally treated patients, 62 (23%) had a recurrent myocardial infarction after a mean of 3·5 years, of which 16 occurred within the first year. A second reinfarction was reported in nine patients and was followed by a third reinfarction in two patients.
Revascularization
Forty-three (16%) of the patients treated with streptokinase underwent coronary angioplasty and 77 (29%) underwent coronary bypass surgery. In conventionally treated patients the intervention rate was lower (P<0·001): only 26 patients (10%) underwent coronary angioplasty and 55 patients (21%) coronary bypass surgery. Revascularization procedures were performed predominantly in the first year; after the first year these were infrequent and not statistically significant between treatment groups, averaging 1·9% and 1·5% per year (Fig. 2) .
Event free survival
At 1 year, freedom from death, recurrent myocardial infarction, bypass surgery and angioplasty was 57% in patients treated with streptokinase and 64% in conventionally treated patients. Freedom from cardiac events was 42% and 46% at 5 years and 29% and 32% at 10 years, respectively (Fig. 3) . The probability of a difference from the control group was not significant.
Risk assessment
Univariable predictors for increased mortality were: the clinical parameters, age (d55 years), Killip class III or IV, extensive infarction identified by total ST elevation of more than 1·2 mV on the admission ECG; parameters representing residual left ventricular function, enzymatic infarct size, the inability to perform an exercise test and an ejection fraction of less than 40%; and parameters reflecting the extent of coronary artery disease, previous myocardial infarction and the presence of multivessel disease (Table 1) . After multivariable analysis of clinical admission data (model I), five parameters were retained: Killip class III or IV, age (d55 years), total ST elevation >1·2 mV, previous infarction and an anterior infarction location. When all data available at discharge were added in the multivariable model, age (d55 years) was retained as a clinical predictor, together with parameters representing left ventricular function and extent of coronary disease. Cumulative survival in patients with 
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multivessel disease and impaired left ventricular function at 1, 5 and 10 year intervals was only 77%, 54% and 33%, respectively, as compared with 99%, 94% and 83% in patients with single vessel coronary artery disease and a well-preserved left ventricle (Fig. 4) . Allocation to streptokinase was a predictor of survival at the time of hospital admission (model I). However, this was no longer apparent when estimates of residual left ventricular function of discharge were included in the analysis (models II, III, IV) ( Table 2 ). This supports the concepts that early reperfusion therapy salvages myocardial tissue which contributes to subsequent survival.
Discussion
Since 1985 a few key papers have shown persistent benefit of fibrinolytic therapy [1] [2] [3] [4] [5] [6] [7] [8] [9] . As a result, the use of such treatment has increased rapidly. The results described in the present study show that improved survival in patients treated with early thrombolytic therapy is maintained beyond the first decade. The difference in survival, favouring thrombolytic therapy, was 6% at hospital discharge, 10% at 1 year and remained at 10% at 10 years of follow-up. Mortality was high in the first year, particularly in the control group, but subsequently the annual standardized mortality ratio remained stable over the years and did not differ significantly between groups. This is in agreement with reports from other series [11] [12] [13] [14] , which also show sustained, unchanged benefit during long-term follow-up. An important finding is that the absolute difference in survival of 10% observed at 1 year is maintained throughout 10 years, which means a relative improvement of survival in the thrombolytic group. Our analysis shows that an annual mortality rate of about 2·6-3·3% can be anticipated in patients surviving their first myocardial infarction for 1 year. This annual mortality rate continues to be about twice as high as the reference population throughout 10 years, which is in agreement with another study [19] . When the parameters of infarct size or residual left ventricular function were included in the model, multivariate analysis did not indicate any contribution of thrombolytic therapy. This supports the notion that survival benefit is established within the initial period through myocardial salvage and preservation of left ventricular function. The proposed mechanism of improved survival after thrombolytic therapy, through salvation of myocardial tissue and preservation of left ventricular function, implies that factors determining early survival will also influence long-term survival. Indeed, besides age, left ventricular ejection fraction at the time of discharge and the extent of coronary artery disease appeared to be the main predictive variables influencing short-and long-term mortality.
Two phases can be distinguished in the clinical course of the patients in this study. During the first year events are frequent and include reinfarction (15% streptokinase and 6% in controls) and revascularization procedures (21% and 16% respectively). The course stabilizes after the first year with mortality rates of about 3%, reinfarction rates of 3% and revascularization rates of 3%, which were not different among the two treatment groups. The continued instability during the first months after myocardial infarction is in agreement with a recent report indicating rapid progression of coronary artery lesions at different sites shortly after infarction [20] . This is compatible with the suggestion that, at least in some patients, an infectious component may lead to or facilitate a period of instability in patients with coronary artery disease [21, 22] . In the present study, between 1981 and 1985, revascularization procedures were performed in patients with repetitive recurrent ischaemia after the initial infarct. A recent study [23] has shown that extensive use of revascularization procedures in patients with symptomatic or silent post-infarct ischaemia, may reduce the incidence of early infarction. Thus, a more aggressive intervention regimen might help to avoid part of the excess reinfarction that was observed in the first year after reperfusion therapy.
In the study period, as mentioned above, patients were treated predominantly with aspirin or coumadin and with beta-blockers (37%) after myocardial infarction. More recently, it has been shown that systematic treatment with cholesterol-lowering HMG-CoA reductase inhibitors [24] [25] [26] and treatment with ACE inhibitors [27, 28] reduce the incidence of reinfarction. Thus, an improved prognosis with lower myocardial reinfarction rate and lower subsequent mortality may be expected using modern multidrug regimens.
Since prognosis in patients in the current study was related predominantly to the left ventricular function and extent of coronary artery disease, at the time of discharge, the same approach for medical and revascularization therapy should be followed for patients who did and those who did not initially receive reperfusion therapy.
Limitations
The treatment that was given for acute myocardial infarction between 1980 and 1985 is no longer current. Intra-coronary streptokinase is no longer given and the dose of intravenous streptokinase is now different from that used in those earlier years. This is inevitable when reporting long-term survival and event-free survival results as treatment evolves with the passage of time. Nevertheless, our main point that reestablishment of coronary patency improves survival, is not invalidated. 
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Conclusion
This study has provided unique data about the longterm outcome after thrombolytic treatment. For the first time, improved survival after thrombolytic therapy has been shown to be maintained beyond a decade. Predictors for early and late mortality were the same. Longterm outcome was related to age, parameters of left ventricular function and to the extent of coronary artery disease.
